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image capturing conditions. Depending on the types of the
defective pixels, the correspondences between the image cap-
turing conditions and the defect levels of the defective pixels
to be corrected are prepared in advance, thereby carrying out
appropriate defective pixel correction in view of the fact that
the dependence of the abnormal signal output level on the
image capturing conditions differs depending on the type of
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PROCESSING FOR DETECTING) FIG. 2B
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FIG. 3
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FI1G. 8A

DETERMINATION THRESHOLD VALUE
FOR NONSTEADY DEFECTIVE PIXEL DETECTION

<@ DEFECT ID ABNORMAL OUTPUT
_n_LEVEL (3bit SIGNAL LEVEL (mV)
i 000 80 mV OR MORE DURING DEFECTIVE
PIXEL DETECTION DEFECT ID_n LEVEL
<0 001 65 mV OR MORE DURING DEFECTIVE
PIXEL DETECTION DEFECT ID_n LEVEL
< 010 50 mV OR MORE DURING DEFECTIVE
PIXEL DETECTION DEFECT ID_n LEVEL
™ o 35 mV OR MORE DURING DEFECTIVE
PIXEL DETECTION DEFECT ID_n LEVEL
5 100 25 mV OR MORE DURING DEFECTIVE
PIXEL DETECTION DEFECT ID_n LEVEL
<15 o 5 mV OR MORE DURING DEFECTIVE
PIXEL DETECTION DEFECT ID_n LEVEL
o 10 7 mV OR MORE DURING DEFECTIVE
PIXEL DETECTION DEFECT ID_n LEVEL
‘8 » 5 mV OR MORE DURING DEFECTIVE
PIXEL DETECTION DEFECT ID_n LEVEL

DETERMINATION THRESHOLD VALUE
FOR STEADY DEFECTIVE PIXEL DETECTION

Kun DEFECT ID ABNORMAL OUTPUT
_N_LEVEL (3bit) SIGNAL LEVEL {mV)
Kul 000 120 mV OR MORE DURING DEFECTIVE
PIXEL DETECTION DEFECT ID_n LEVEL
Ku? 001 90 mV OR MORE DURING DEFECTIVE
PIXEL DETECTION DEFECT ID_n LEVEL
Ku3 010 70 mV OR MORE DURING DEFECTIVE
PIXEL DETECTION DEFECT ID_n LEVEL
Kud 011 50 mV OR MORE DURING DEFECTIVE
PIXEL DETECTION DEFECT ID_n LEVEL
Ku5 100 35 mV OR MORE DURING DEFECTIVE
PIXEL DETECTION DEFECT ID_n LEVEL
Kus 101 20 mV OR MORE DURING DEFECTIVE
PIXEL DETECTION DEFECT ID_n LEVEL
Ku? 110 10 mV OR MORE DURING DEFECTIVE
PIXEL DETECTION DEFECT ID_n LEVEL
Kug 11 5 mV OR MORE DURING DEFECTIVE
PIXEL DETECTION DEFECT ID_n LEVEL
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FIG. 9A
EXAMPLE OF CORRECTION TABLE FOR STEADY DEFECTIVE PIXELS (1S0100)
CHARGE
ACCUMULATION | 11303 s 155
TEMPERATURE
~20°C Kut Ku1~Ku2 Kul~Ku4
20°C~30°C Kul~Ku2 | Kul~Ku3 | Kul~Kub
30°C~40°C Kul~Ku3 | Kui~Ku4 | Kul~Kub
40°C~50°C Kul~Kud | Kui~Ku5 | Kul~Ku7
50°C~ Kul~Kus | Kui~Kub | Kul~Ku8
FIG. 9B
EXAMPLE OF CORRECTION TABLE FOR STEADY DEFECTIVE PIXELS (1501600)
CHARGE
ACCUMU#@;:gg ~1/30s ~18 ~158
TEMPERATURE -
~20°C Kui~Kud | Kul~Kus | Kul~Ku7
20°C~30°C Kui~Kub Kut~Kub Kui~Ku8
30°C~40°C Kui~Ku | Kut~Ku7 Ku1~Ku8
40°C~50°C Kul~Ku7 | Kul~Kug8 | Kul~Ku8
50°C~ Kul~Kug | Kul~Ku8 | Kul~Ku8
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FIG. 9C

EXAMPLE OF CORRECTION TABLE
FOR NONSTEADY DEFECTIVE PIXELS (1S0100)

CHARGE
ACOUMOLATION || | s
TEMPERATURE
~20°C Kil~Ki4 Ktt~Kt4 Kt1~Kt4
20°C~30°C Kt1~Kt4 Kti~Kt4 Kt1~Kt4
30°C~40°C Ki1~Ki4 Kti~Ki4 Kt1~Kid
40°C~50°C Ki1~Ki4 Kti~Ktd Kt1~Kt4
50°C~ Kil~Kt4 Ktt~Kt4 Kt1~Ktd
FIG. 9D

EXAMPLE OF CORRECTION TABLE
FOR NONSTEADY DEFECTIVE PIXELS (1ISO1600)

CHARGE
ACOUNULATSD| ~1Bos | ~1s A58
TEMPERATURE
~20°C Kt1~Ki8 Kt1~Ki8 Kt1~K18
20°C~30C Kii~Ki8 Kt1~Ki8 Kt1~K13
30°C~40°C Kt1~Ki8 Kt1~Ki8 Ki1~Kt8
40°C~50°C Kt1~Ki8 Ki1~Ki8 Kt1~K18
50°C~ Kt1~Ki8 Kt1~Ki8 Kt1~Ki8
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DEFECTIVE PIXEL DATA CORRECTING
APPARATUS, IMAGE CAPTURING
APPARATUS, AND METHOD FOR
CORRECTING DEFECTIVE PIXEL DATA

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of application Ser. No.
12/838,101, filed Jul. 16, 2010, the entire disclosure of which
is hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a defective pixel data cor-
recting apparatus, an image capturing apparatus, and a
method for correcting defective pixel data, and more particu-
larly relates to a technique for correcting a defective pixel of
an image sensor.

2. Description of the Related Art

Digital cameras and digital video cameras use image sen-
sors typified by CMOS image sensors and CCD image sen-
sors. While the image sensors each have hundreds of thou-
sands to tens of millions of pixels arranged, the image sensors
include a pixel which fails to generate a signal to be output
from the pixel (hereinafter, referred to as a normal output
signal), due to crystal faults of a material forming the image
sensor and dust. Such a pixel is referred to as a defective pixel,
and an abnormal signal output by the defective pixel is
referred to as an abnormal output signal in the specification. It
is to be noted that the output of an abnormal output signal may
include a state in which no signal is output at all.

Defective pixels are classified broadly into two main cat-
egories: steady defective pixels which output an abnormal
output signal in a steady manner; and nonsteady defective
pixels which output a normal output signal and an abnormal
output signal in an unsteady manner.

It is known that the output characteristics for abnormal
signals differ between steady defective pixels and nonsteady
defective pixels in CMOS image sensors. In the case of
excluding sensitivity dependent defective pixels such as dust
and aperture unevenness, white defects due to crystal faults of
a light receiving unit make up a majority of steady defective
pixels. Therefore, a white defective pixel is defined as a
steady defective pixel. Since the white defective pixel is
accompanied by an increase in dark signal, the abnormal
signal output level has characteristics that depend on the
temperature of the defective pixel and the charge accumula-
tion period of the defective pixel.

On the other hand, nonsteady defective pixels differ from
steady defective pixels in points where crystal faults are
caused, and the characteristics of the abnormal output signal
level for the nonsteady defective pixels thus have almost no
dependence on the temperature or charge accumulation
period of the defective pixel.

In a general circuit configuration for a pixel of a CMOS
image sensor, shown in FIG. 6, reference numerals 801 and
802 respectively denote a photodiode (PD) and a reset CMOS
for resetting accumulated electric charges. In addition, refer-
ence numerals 803 and 804 respectively denote a floating
diffusion (FD) for detecting electric charges and a pixel
source follower.

Then, many steady defective pixels are caused by crystal
faults of the PD 801, whereas nonsteady defective pixels are
considered to be caused by repeating electron capture and
electron emission at the interface state of a MOS transistor
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constituting the pixel source follower 804. The abnormal
output signal levels for the nonsteady defective pixels have
almost no dependence on the temperature or the charge accu-
mulation period because the pixel source follower 804 causes
the abnormality.

Conventionally, a technique has been proposed for appro-
priately correcting nonsteady defective pixels and steady
defective pixels by changing the correction method depend-
ing on the type of defective pixels (Japanese Patent Laid-
Open No. 2008-131273).

However, Japanese Patent Laid-Open No. 2008-131273
fails to take into particular consideration the fact that the
dependence of the abnormal signal output level on the pixel
temperature and charge accumulation period differs between
nonsteady defective pixels and steady defective pixels. There-
fore, in a case in which the pixel temperature or charge accu-
mulation period differs between during defective pixel detec-
tion and during subject image capturing, there is a possibility
that the correction to, in particular, nonsteady defective pixels
is not appropriately carried out due to the difference in depen-
dence as described above. For example, in a case in which a
defective pixel to be corrected is to be selected while a steady
defective pixel highly dependent on the temperature and
charge accumulation period is used as a standard, a nonsteady
defective pixel to be corrected is not selected or a nonsteady
defective pixel not to be corrected is selected. In the former
case, the correction has not been completed, thereby resulting
in insufficient correction to noise of the image. In the latter
case, unnecessary correction is carried out, thereby resulting
in the problem of degradation in resolution.

SUMMARY OF THE INVENTION

The present invention has been made light of the problems
of the conventional art described above. The present inven-
tion provides a defective pixel data correcting apparatus for
carrying out appropriate defective pixel correction in view of
the fact that the dependence of the abnormal signal output
level on an image capturing condition differs depending on
the type of defective pixel, and an image capturing apparatus
including the defective pixel data correcting apparatus, as
well as a method for correcting defective pixel data.

According to one aspect of the present invention, there is
provided a defective pixel data correcting apparatus for cor-
recting defective pixel data output from a defective pixel of an
image sensor, the defective pixel data contained in image data
captured using the image sensor comprising a plurality of
pixels, the defective pixel data correcting apparatus compris-
ing: a correction unit adapted to correct the defective image
databased on an image capturing condition for the image data
and a type of the defective pixel.

According to another aspect of the present invention, there
is provided an image capturing apparatus comprising: the
image sensor; and the defective pixel data correcting appara-
tus according to the present invention.

According to still another aspect of the present invention,
there is provided a defective pixel data correction method for
correcting defective pixel data output from a defective pixel
of an image sensor, the defective pixel data contained in
image data captured using the image sensor comprising a
plurality of pixels, the defective pixel data correction method
comprising: a correction step of correcting the defective
image data based on an image capturing condition for the
image data and a type of the defective pixel.
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Further features of the present invention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating a configuration
example of a digital still camera as an example of an image
capturing apparatus according to an embodiment of the
present invention;

FIG. 2A is a flowchart for explaining details of processing
for detecting a nonsteady defective pixel in an embodiment;

FIG. 2B is a flowchart for explaining details of processing
for detecting a steady defective pixel in an embodiment;

FIG. 3 is aflowchart for explaining details of processing for
correcting a defective pixel in an embodiment;

FIG. 4 is a diagram showing an example of a condition
table for defective pixel detection in an embodiment;

FIG. 5 is a diagram illustrating an image sensor including
color filters in a Bayer arrangement of primary colors, for 5x5
pixels with a red pixel centered;

FIG. 6 is a diagram illustrating a general circuit configu-
ration of a pixel of a CMOS image sensor;

FIG. 7A is a diagram illustrating a configuration example
of data of defective pixel information in an embodiment,
whereas FIG. 7B is a diagram showing an example of defect
of defective pixel information;

FIGS. 8A and 8B are diagrams showing examples of a
threshold value Ktn for nonsteady defective pixel determina-
tion and a threshold value Kun for steady defective pixel
determination in an embodiment; and

FIGS. 9A to 9D are diagrams showing examples of defec-
tive pixel correction tables in an embodiment.

DESCRIPTION OF THE EMBODIMENTS

Exemplary embodiments of the present invention will now
be described in detail in accordance with the accompanying
drawings.

FIG. 1 is a block diagram illustrating a configuration
example of a digital still camera 120 as an example of an
image capturing apparatus including a defective pixel data
correcting apparatus according to an embodiment of the
present invention.

Animage sensor 102 is a photoelectric conversion element,
which converts a subject optical image into analog video
signals on a pixel basis, and outputs the analog image signals.
The image sensor 102 is, for example, a CMOS image sensor.
A lens 100 forms a subject optical image onto the image
sensor 102. A mechanical shutter 101 opens and closes an
optical path between the lens 100 and the image sensor 102.
A timing generator (TG) 103 generates a driving signal for the
image sensor 102.

An A/D conversion circuit 104 converts analog image sig-
nals output from the image sensor 102, to digital image sig-
nals. An image memory 106 of a storage unit 105 temporarily
stores the digital image signals as RAW image data. The
storage unit 105 is composed of, for example, a semiconduc-
tor storage apparatus. In addition, the image memory 106 is,
for example, a DRAM.

The storage unit 105 includes the image memory 106, a
defective pixel information memory 107, a defective pixel
correction table 108, and a defective pixel detection condition
table 109. Detailed operation of the storage unit 105 will be
described later.

A defective pixel determination circuit 110 determines a
detective pixel along with the type of the defective pixel, and
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further determines an abnormal output signal level (defective
output level). In the present embodiment, the defective pixel
determination circuit 110 determines whether the detected
defective pixel is a nonsteady defective pixel or a steady
defective pixel. Further, the defective pixel determination
circuit 110 may be configured to so as to allow other defective
pixels to be determined.

A defective pixel correction circuit 111 corrects a pixel
determined as a defective pixel in the defective pixel deter-
mination circuit 110, depending on the type of the pixel.

An image processing circuit 112 applies predetermined
image processing to RAW image data temporarily stored in
the image memory 106, and converts the RAW image data
into a final output image format, for example, into a JPEG
format based on DCF. The DCF herein refers to an abbrevia-
tion of an image format for a digital camera (Design rule for
Camera File system). Then, the image processing circuit 112
stores, in a storage medium 113, a captured image converted
into a final output image format. The storage medium 113 is,
for example, a semiconductor memory card.

A temperature detection unit 115 detects the temperature
of the image sensor 102 and the temperature (environmental
temperature) near the image sensor 102. The temperature
detection unit 115 is, for example, a thermistor.

A control unit 114 includes, for example, a CPU, a ROM,
and RAM, which develops a program stored in the ROM to
the RAM, and executes the program in the CPU. Then, the
controlunit 114 generally controls the operation of the digital
still camera, including processing for detecting a defective
pixel and processing for correcting a defective pixel as
described later.

An operation unit 116 is a group of input devices including
various types of buttons and keys such as a power ON/OFF
button, a shutter button, a menu button, a direction key, a
determination button. When an operator operates the opera-
tion unit 116, the operation is detected by the control unit 114.
Then, the control unit 114 determines the content of the
operation and outputs various types of instructions to the
digital still camera 120.

(Processing for Detecting Defective Pixel)

Next, an example of a method for detecting a defective
pixel, carried out by the digital still camera in the present
embodiment, will be described with reference to flowcharts in
FIGS. 2A and 2B.

The processing for detecting a defective pixel in the present
embodiment is composed of processing for detecting a non-
steady defective pixel and processing for detecting a steady
defective pixel. As described above, the nonsteady defective
pixel and the steady defective pixel are different from each
other in the dependence of output characteristics of the abnor-
mal output signal level on temperature and charge accumu-
lation period. Thus, the condition for detecting a defective
pixel differs between the nonsteady defective pixel and the
steady defective pixel.

In the present embodiment, a white defective pixel which
repeats electron capture and electron emission at the interface
state of the MOS transistor of the pixel source follower 804 in
FIG. 6, or a black defective pixel is defined as a nonsteady
defective pixel. In addition, a white defective pixel caused
due to a crystal fault of the PD 801 in FIG. 6 is defined as a
steady defective pixel. It is to be noted that the types of
defective pixels are not limited to the two types of a nonsteady
defective pixel and a steady defective pixel, and may be
classified into three or more types.

FIG. 2A is a flowchart for explaining details of processing
for detecting a nonsteady defective pixel.



US 9,066,033 B2

5

When a photographer operates the power ON/OFF button
included in the operation unit 116 to give an instruction to
power on the digital still camera 120, the control unit 114
initiates processing for starting up the camera. Then, the
control unit 114 executes processing for detecting a non-
steady defective pixel as shown in FIG. 2A, as part of the
processing for starting up.

As described above, the abnormal output signal level of a
nonsteady defective pixel has almost no temperature depen-
dence. Therefore, in the present embodiment, a nonsteady
defective pixel is detected during power-on operation less
likely to be affected by steady defective pixels, in which it is
assumed that the digital still camera (in particular, near the
image sensor 102) has a lower temperature.

In step S203, the mechanical shutter 101 is closed in order
to capture a dark image for defective pixel detection. Next, in
step S205, conditions for detecting nonsteady defective pix-
els are acquired from the defective pixel detection condition
table 109, and a dark RAW image is captured under the
acquired conditions for detecting defective pixels.

FIG. 4 shows examples of image capturing conditions for
detecting nonsteady defective pixels and image capturing
conditions for detecting steady defective pixels, which are
contained in the defective pixel detection condition table 109.
In the embodiment, a dark RAW image is captured in accor-
dance with the capturing conditions for detecting nonsteady
defective pixels, shown in FIG. 4.

The steady defective pixel generates an abnormal output
signal level at a certain temperature, whereas the abnormal
output signal level of the nonsteady defective pixel has almost
no temperature dependence. Thus, in order to allow the non-
steady defective pixel and the steady defective pixel to be
detected distinctly, the nonsteady defective pixel may be
detected under the conditions of a lower temperature near the
image sensor and a shorter accumulation period. In the
present embodiment, a dark RAW image is captured at a
temperature of 25° C. or less with the accumulation period set
at iooo seconds to detect a nonsteady defective pixel.

In addition, the nonsteady defective pixel has the property
of outputting an abnormal output signal in an unsteady man-
ner. Thus, image capturing is carried out more than once (32
times in the present embodiment) within the detection period,
and the abnormal output signal level for the nonsteady defec-
tive pixel is detected in accordance with a peak hold system
based on the maximum output level for each pixel in the
obtained multiple captured images.

The more frequently the image capturing for detecting
nonsteady defective pixels is carried out, the higher the accu-
racy of detecting nonsteady defective pixels is, but the total
image capturing period required for the detection is
increased. Therefore, it is desirable to set the frequency of
image capturing in consideration of the detection accuracy
and the total image capturing period.

The control unit 114 confirms whether or not the tempera-
ture detected by the temperature detection unit 115 is consis-
tent with the image capturing condition, 25° C. or less. If the
temperature, is consistent with the image capturing condition,
the control unit 114 controls the TG 103 and the A/D conver-
sion circuit 104, etc in such a way that image capturing is
carried out at a specified accumulation period (electronic
shutter speed) of Y1000 seconds. Then, the dark RAW image
data obtained by the image capturing is temporarily stored in
the image memory 106. The capturing of a dark RAW image
and the storage of the dark RAW image data are repeatedly
carried out 32 times.
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Next, through the execution of processing from step S207
to step S215, the control unit 114 determines whether or not
each pixel of RAW image data is a nonsteady defective pixel.

The image sensor 102 herein has color filters in a Bayer
arrangement of primary colors. FIG. 5 is a diagram illustrat-
ing an arrangement of color filters provided in each pixel of
the image sensor 102, for 5x5 pixels. It is to be noted that
while the present embodiment will be described on the
premise of color filters in a Bayer arrangement of primary
colors, other color filter configurations may be employed.

When the center pixel R;; in FIG. 5 is used as a target pixel
to be subjected to defective pixel determination, the average
value AVE,,; for peripheral pixels surrounding the target
pixel, which have the same color as that of the target pixel, are
obtained as follows in step S207.

AVEpR33=(Ry+R 5+R  5+R3 +R35+R5 +R53+R55)/8

In addition, the difference value D55 between the average
value AVE,,, and the value R,; is obtained in accordance
with the following equation.

Dg33=IR33-AVEg3;

In step S209, the control unit 114 controls the defective
pixel determination circuit 110 so as to compare the differ-
ence value Dy, ; with a determination threshold value Ktn for
nonsteady defective pixels. The threshold value for defective
pixel determination can be also set for each of detection of
nonsteady defective pixels and detection of steady defective
pixels. The threshold value for defective pixel determination
may be determined in advance with the use of image captur-
ing results under predetermined image capturing conditions.

FIGS. 8A and 8B show examples of a threshold value Kin
for nonsteady defective pixel determination and a threshold
value Kun for of steady defective pixel determination in the
embodiment. In the present embodiment, the determination
threshold value is divided into 8 stages of Kt1 to Kt8 and Kul
to Ku8, depending on the abnormal output signal level (mV)
for a defective pixel.

Inaddition, the threshold value Ktn for nonsteady defective
pixel determination has almost no dependence on tempera-
ture or charge accumulation period, and is thus set so as to be
divided finely more than the threshold value for steady defec-
tive pixel determination. In addition, the threshold value Ktn
with its abnormal output signal level corresponding to the
smallest stage (Kt8 in FIGS. 8A and 8B) is referred to as
Ktmax. The same applies to the threshold value Kun.

Then, in the case of Ktmax>Dy,, that is, 5 mV>Dy,;, the
control unit 114 determines in step S213 that the target pixel
R;; outputs a normal value, that is, the target pixel R;; is not
a nonsteady defective pixel.

On the other hand, in the case of Ktmax Dy, that is, 5
mV=Dy,, the control unit 114 determines that the target
pixel R;; is a nonsteady defective pixel. Then, in step S211,
the control unit 114 determines in the defective pixel deter-
mination circuit 110, the largest threshold value Ktn satisfied
by the target pixel, depending on the value of Dy ;. Then, the
control unit 114 records on the defective pixel information
memory 107 the following information: (1) a defect level
(defect ID_n_level) indicating the determined threshold
value Ktn; (2) information specifying the position of R, (for
example, a X address and a’Y address); and (3) identification
1D (defect ID_n) of defective pixel type (nonsteady defective
pixel) as defective pixel information.

FIG. 7A is a diagram illustrating a data configuration
example of defective pixel information, in which a data length
of 14 bits is assigned to each of the X address and Y address,
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adata length of 2 bits is assigned to the defect ID_n, and a data
length of 3 bits is assigned to the defect ID_n_level.

In this case, the defect ID_n of the 2-bit length refers to ID
for identifying the type of the defective pixel, and up to 4
types of defective pixels can be identified depending on com-
binations of the presence or absence of accumulation period
dependence, temperature dependence, and ISO speed depen-
dence, as shown in FIG. 7B. However, defective pixels to be
identified in the present embodiment include the two types of
nonsteady defective pixels and steady defective pixels.

The control unit 114 newly records defective pixel infor-
mation on R5; on the defective pixel information memory 107
in step S211, if the defective pixel information is not recorded
on the defective pixel information memory 107. On the other
hand, if the defective pixel information on R;; has been
already recorded on the defective pixel information memory
107, the control units 114 merges the already recorded defec-
tive pixel information and nonsteady defective pixel address
information, and records the information on the defective
pixel information memory 107.

The control unit 114 repeatedly carries out the processing
from step S207 to step S215 described above for all of the
pixels in the defective pixel detection regions, and ends the
nonsteady defective pixel detection.

Next, details of processing for detecting a steady defective
pixel will be described with reference to a flowchart shown in
FIG. 2B. FIG. 2B is a flowchart for explaining details of the
processing for detecting a steady defective pixel.

When a photographer operates the power ON/OFF button
included in the operation unit 116 to give an instruction to
power on the digital still camera 120, the control unit 114
initiates processing for ending the operation of the camera.
Then, the control unit 114 executes processing for detecting a
steady defective pixel as shown in FIG. 2B, as part of the
processing for ending the operation.

The abnormal output signal level of a steady defective pixel
has temperature dependence as described above. Therefore,
in the present embodiment, steady defective pixel detection is
carried out during power-off operation in which it is assumed
that the digital still camera (in particular, near the image
sensor 102) has a higher temperature.

Then, in step S219 to step S231, the control unit 114 detects
a steady defective pixel in the same way as in step S203 to step
S215 in the processing for detecting a nonsteady defective
pixel.

However, the conditions for capturing a dark image (FIG.
4) are different in step S221. In particular, it is sufficient if the
image capturing is carried out once, and it is thus unnecessary
to obtain the maximum value for each pixel. This is because
the steady defective pixel steadily outputs an abnormal output
signal. In addition, the processing for detecting a steady
defective pixel differs in that the threshold voltage used for
comparison in step S225 is a threshold value Ku8 for steady
defective pixel determination (=Kumax).

In this way, defective pixel information is recorded on the
defective pixel information memory 107, on each of non-
steady defective pixels and steady defective pixels which
differ from each other in the dependence on temperature and
charge accumulation period.

It is to be noted that while a case has been described in
which the processing for detecting a nonsteady defective
pixel is carried out in the power-on state of the digital still
camera whereas the processing for detecting a steady defec-
tive pixel is carried out in the power-off state of the digital still
camera in the present embodiment, the execution timing of
the processing for detecting a nonsteady defective pixel or a
steady defective pixel can be arbitrarily set. For example, the
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processing for detecting a nonsteady defective pixel or a
steady defective pixel can be carried out in factory coordina-
tion before shipment of the digital still camera, or executed in
a case in which it is determined whether the temperature of
the image sensor 102 meets the image capturing condition or
not and the temperature meets the image capturing condition.

(Defective Pixel Correction Processing)

Next, processing for correcting a defective pixel will be
described in the digital still camera according to the present
embodiment. The processing for correcting a defective pixel
is executed with respect to image data output from a defective
pixel (defective pixel data), which is contained in captured
image data of a subject image captured by the user and
recorded on the image memory 106.

When the shutter button included in the operation unit 116
is pressed fully to give an instruction to start image capturing
from the user, the control unit 114 executes the operation of
capturing an image. More specifically, the control unit 114
controls the focal length of the lens 100 and the opening and
closing of the mechanical shutter 101, and exposures the
image sensor 102 to light, in accordance with image capturing
conditions determined with the use of well known functions
such as an automatic focus detecting function and an auto-
matic exposure control function. Then, the control unit 114
instructs the TG 103 to output a timing signal, in such away
that an analog video signal is read out from each pixel of the
image sensor 102 and supplied to the A/D conversion circuit
104. The A/D conversion circuit 104 converts the analog
video signals to digital video signals, and records the digital
video signals on the image memory 106 as RAW image data.

Subsequently, the control unit 114 executes the processing
for correcting a defective pixel, as shown in the flowchart of
FIG. 3. In step S303, the control unit 114 reads out defective
pixel information for each pixel from the defective pixel
information memory 107, and supplies the defective pixel
information to the defective pixel determination circuit 110.
In step S305, the defective pixel determination circuit 110
determines the type of the defective pixel to be subjected to
correction from identification ID (defect ID_n) for the defec-
tive pixel type contained in the supplied defective pixel infor-
mation, and supplies the determination result to the defective
pixel correction circuit 111.

In step S307, the defective pixel correction circuit 111
references the defective pixel correction table 108 corre-
sponding to the type of the defective pixel determined by the
defective pixel determination circuit 110 in step S305 to
acquire the range of the defect level to be corrected. The
defective pixel correction table 108 is a table for determining
defective pixels to be subjected correction (the range of the
defect level) depending on the conditions for capturing
images to be subjected to correction. In other words, the
defective pixel correction table 108 is a table for determining
whether or not the defective pixel data needs to be corrected
based on the conditions for capturing images to be subjected
to correction and on the types of defective pixels. It is to be
noted that while the image capturing conditions are the tem-
perature, the charge accumulation period (shutter speed or
exposure period), and the ISO speed in the present embodi-
ment, the conditions are not limited these conditions, and may
include other image capturing conditions.

FIGS. 9A to 9D are examples of the defective pixel cor-
rection table 108. In FIGS. 9A to 9D, Kt1 to Kt8 and Kul to
Kus8 are equal to the threshold values shown in FIGS. 8A and
8B. In the defective pixel correction table 108, the Kt1 means
that the nonsteady defective pixel with Kt1 as the maximum
threshold value (that is, the defect level) satisfied by the
abnormal output signal level is a nonsteady defective pixel to
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be subjected to correction (correction required). Accordingly,
the Kt1 to Kt8 means that all of the nonsteady defective pixels
are to be subjected to correction. The same applies to the Kul
to Ku8.

FIGS. 9A and 9B show examples of the correction table for
steady defective pixels, which correspond to ISO speeds of
100 and 1600, whereas FIGS. 9C and 9D show examples of
the correction table for nonsteady defective pixels, which
correspond to ISO speeds of 100 and 1600. Further, although
not shown in the figures, correction table corresponding to
other ISO speeds are also prepared in the defective pixel
correction table 108.

The correction tables for steady defective pixels, shown in
FIGS. 9A and 9B, are configured in such a way that the higher
the temperature is, and the longer the charge accumulation
period (the higher the electronic shutter speed) is, the more
the range of the abnormal output signal level (defect level) to
be subjected to correction is increased. This is because the
steady defective pixels have characteristics in that the higher
the temperature is, and the longer the charge accumulation
period is, the higher level of abnormal output signal is output.
For example, under the image capturing conditions of the
highest temperature (around 50° C.) and the longest charge
accumulation period (around 15 s), all of the steady defective
pixels are to be subjected to correction, regardless of the
defective level.

On the other hand, the abnormal output signal level for
nonsteady defective pixels has almost no dependence on the
temperature or charge accumulation period. Therefore, in the
correction tables for nonsteady defective pixels, shown in
FIGS. 9C and 9D, the range of the abnormal output signal
level (defect level) to be subjected to correction does not vary
with temperature or charge accumulation period. Thus, at the
same [SO speed, a defective pixel correction table is provided
which has the same range of defect levels for nonsteady
defective pixels to be subjected to correction, even with
changes in the temperature or charge accumulation period.
On the other hand, the higher ISO speed results in a wider
range of defect levels for nonsteady defective pixels to be
subjected to correction in the same way as steady defective
pixels.

As described above, in the present embodiment, the cor-
rection tables corresponding to the image capturing condi-
tions are prepared for each type of defective pixels, in view of
the fact that the dependence of the abnormal output signal
level on the temperature and the charge accumulation period
differs between nonsteady defective pixels and steady defec-
tive pixels. Then, the correction table corresponding to the
type of the defective pixel is used to carry out defective pixel
correction.

In step S309, the defective pixel correction circuit 111
references the defect level (defect ID_n_level) for a defective
pixel to be subjected to correction, from the defective pixel
information recorded on the defective pixel information
memory 107. Then, in step S311, the defective pixel correc-
tion circuit 111 determines whether or not the defect level of
each defective pixel is included in the range of Ktn or Kun
shown in the correction table 108, and determines that the
correction is required if the defect level is included or that the
correction is not required if the defect level is not included.

For example, it is assumed that the type of defective pixel
is a steady defective pixel, the detection temperature indi-
cated by the temperature detection unit 115 during image
capturing is 25° C., the charge accumulation period (elec-
tronic shutter speed) is Y60 seconds, and the ISO speed if 100.
In this case, the reference to the correction table for steady
defective pixels in FIG. 9A finds that steady defective pixels
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with the abnormal output signal level of Kt1 to Kt2 are to be
subjected to correction. Therefore, the defective pixel correc-
tion circuit 111 determines that the correction is required if
the defect level for the defective pixels stored in the defective
pixel information memory 107 is Ktl or Kt2, whereas the
defective pixel correction circuit 111 determines that the
defective pixel correction is not required if the defect level for
the defective pixels stored in the defective pixel information
memory 107 is Kt3 to Kt8.

Then, in a case in which it is determined that the correction
is required in step S311, the processing proceeds to step S313,
in which the defective pixel correction circuit 111 executes
the processing for correcting a defective pixel with respect to
the pixel to be subjected to correction, based on the defective
pixel information recorded on the defective pixel information
memory 107. In a case in which the method for correcting a
defective pixel differs depending on the type of the defective
pixel, the defective pixel correction circuit 111 uses a defect
correction method depending on the type of the defective
pixel to carry out the correction processing. The defective
pixel correction circuit 111 writes corrected pixel data back
into the image memory 106, or supplies the corrected pixel
data to the image processing circuit 112. Alternatively, in a
case in which it is determined that the correction is not
required in step S311, the defective pixel correction circuit
111 makes no correction to the pixel data, but supplies the
image data directly to the image processing circuit 112, and
the processing proceeds to step S315.

As an example of the defective pixel correcting method for
nonsteady defective pixels and steady defective pixels, which
is executed in step S313, a method for interpolating pixels of
the same color neighboring a defective pixel will be described
below.

In a case in which the pixel to be subjected to correction
(the pixel R;; in FIG. 5 herein) is a defective pixel, the value
for the pixel to be subjected to correction is interpolated from
the values of the upper and lower or right and left neighboring
pixels of the same color. While which pair of pixels, the upper
and lower neighboring pixels or the right and left neighboring
pixels, are used may be appropriately selected, for example,
the pixels are adaptively determined depending on subjects.

As an example of the interpolation method in the case of
using the upper and lower neighboring pixels of the same
color, the correction can be carried out in accordance with the
following formula;

R33=(R31+R35)+2

As an example of the interpolation method in the case of
using the right and left neighboring pixels of the same color,
the correction can be carried out in accordance with the fol-
lowing formula;

R33=(Ry3+Rs3)+2

In step S315, the control unit 114 confirms whether or not
the processing from step S303 to step S313 has been executed
with respect to all of the defective pixels recorded on the
defective pixel information memory 107, and ends the pro-
cessing for correcting a defective pixel in a case in which the
processing has been executed with respect to all of the
recorded defective pixels. If defective pixels are left unproc-
essed, the processing from step S303 to step S313 is applied
to the unprocessed defective pixels.

The RAW image data to which the processing for correct-
ing a defective pixel has been applied is supplied from the
image memory 106 to the image processing circuit 112. The
image processing circuit 112 applies image processing to the
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corrected RAW image data, and records the RAW image data
on the recording medium 113.

While the approach of correcting an image captured by the
user in the defective pixel correction circuit 111 before image
processing is applied to the image in the image processing
circuit 112 has been described in the present embodiment, the
defective pixel correction may be carried out at the same time
as the image processing in the image processing circuit 112.
In this case, the defective pixel correction circuit 111 is
included in the image processing circuit 112.

In addition, a case of applying the processing for correcting
a defective pixel to all of defective pixels contained in RAW
image data stored temporarily in the image memory 106 and
then supplying the corrected RAW image data to the image
processing circuit 112 has been described in the present
embodiment. However, the RAW image data may be supplied
to the image processing circuit 112 sequentially on a pixel
basis by sequentially reading out the RAW image data from
the image memory 106 and changing the supply path to the
image processing circuit 112 depending on whether or not the
read pixels are a defective pixel. In this case, the image data is
supplied to the image processing circuit 112 via the defective
pixel determination circuit 110 and the defective pixel cor-
rection circuit 111 if the read pixel is a defective pixel,
whereas the image data is supplied to the image processing
circuit 112 directly from the image memory 106 if the read
pixel is not a defective pixel.

As described above, according to the present embodiment,
the defective pixel detection is carried out with the use of the
image capturing conditions corresponding to the type of a
defective pixel, in view of the fact that the dependence of the
abnormal signal output level on an image capturing condition
differs depending on the types of defective pixels. Thus, the
types of defective pixels can be appropriately recognized.

In addition, in the processing for correcting a defective
pixel, a defective pixel to be corrected is determined depend-
ing on the image capturing conditions and the type of the
defective pixel. Thus, multiple types of defective pixels
which differ in the dependence on the image capturing con-
ditions can be appropriately corrected. Therefore, image deg-
radation such as degradation in resolution or increase in noise
can be suppressed, which is caused by correcting defective
pixels requiring no correction or by failing to correct defec-
tive pixels requiring correction.

Other Embodiments

Aspects of the present invention can also be realized by a
computer of a system or apparatus (or devices such as a CPU
or MPU) that reads out and executes a program recorded on a
memory device to perform the functions of the above-de-
scribed embodiment(s), and by a method, the steps of which
are performed by a computer of a system or apparatus by, for
example, reading out and executing a program recorded on a
memory device to perform the functions of the above-de-
scribed embodiment(s). For this purpose, the program is pro-
vided to the computer for example via a network or from a
recording medium of various types serving as the memory
device (e.g., computer-readable medium).

While the present invention has been described with refer-
ence to exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.
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This application claims the benefit of Japanese Patent
Application No. 2009-184830, filed on Aug. 7, 2009, which is
hereby incorporated by reference herein its entirety.

What is claimed is:

1. A defective pixel data correcting apparatus for correcting
defective pixel data output from a defective pixel of an image
sensor, the defective pixel data contained in image data cap-
tured using the image sensor comprising a plurality of pixels,
the defective pixel data correcting apparatus comprising:

a first storage unit adapted to store defective pixel infor-

mation containing a type and a defective output level of
a defective pixel, for each defective pixel included in the
plurality of pixels;

a second storage unit adapted to store at least one correc-
tion table in which types of the defective pixels, image
capturing conditions, and defective output levels to be
subjected to correction are associated with each other;

a determination unit adapted to determine whether or not
the defective pixel data is to be corrected, based on the
defective pixel information and the correction table; and

a correction unit adapted to correct the defective pixel data
that is determined, by the determination unit, to be cor-
rected.

2. The defective pixel data correcting apparatus according
to claim 1, wherein the type of the defective pixel includes a
first defective pixel for irregularly outputting an abnormal
level signal and a second defective pixel for regularly output-
ting an abnormal level signal, and

the image capturing condition includes an environmental
temperature of the image sensor and a charge accumu-
lation period of the image sensor.

3. An image capturing apparatus comprising:

the image sensor; and

the defective pixel data correcting apparatus according to
claim 1.

4. The image capturing apparatus according to claim 3,
further comprising a detection unit for detecting a defective
pixel included in the image sensor and a type of the defective
pixel, from image data obtained by capturing a dark image
using the image sensor under a predetermined image captur-
ing condition,

wherein the predetermined image capturing condition dif-
fers depending on the type of the detected defective
pixel.

5. The image capturing apparatus according to claim 4,
wherein the detection unit detects the first defective pixel and
the second defective pixel from the image data obtained by
capturing the dark image.

6. A defective pixel data correction method for correcting
defective pixel data output from a defective pixel of an image
sensor, the defective pixel data contained in image data cap-
tured using the image sensor comprising a plurality of pixels,
the defective pixel data correction method comprising:

a first storage step of storing defective pixel information
containing a type and a defective output level of a defec-
tive pixel, for each defective pixel included in the plu-
rality of pixels;

a second storage step of storing at least one correction table
in which types of the defective pixels, image capturing
conditions, and defective output levels to be subjected to
correction are associated with each other;

a determination step of determining whether or not the
defective pixel data is to be corrected, based on the
defective pixel information and at the correction table;
and
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a correction step of correcting the defective pixel data that
is determined, by the determination step, to be corrected.
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